A new method for attaching antigens to latex by an avidin-biotin technique is described. The procedure permits control of the amount of antigen attached to the latex and eliminates the need for highly purified antigens and destructive bridging chemicals. The avidin-biotin latex agglutination assay is a simple, rapid test well suited to detection of viral antibody. The sensitivity and specificity, respectively, of the avidin-biotin latex agglutination assay compared with other assay results for antibody to viruses were as follows: cytomegalovirus, 98 and 100% (indirect hemagglutination assay); measles virus, 96 and 100% (enzyme-linked immunosorbent assay); and herpes simplex virus, 78 and 100% (indirect hemagglutination assay). The development and standardization of passive latex agglutination reagents for many viral antibodies have been difficult for several reasons: rather small amounts of ligand are attached to the latex particle relative to the amount added; very pure reagents are required for maximum sensitivity; uniform and stable attachment of the ligand by passive adsorption is hard to achieve; and although the ligand may be covalently linked to the latex by bridging chemicals such as carbodiimides, cyanogen bromide, or glutaraldehyde, these chemicals are frequently too harsh and inactivate the functional antigenic sites (5, 6) .
Passive latex agglutination is a simple, rapid method for routine detection of antibody to viral, bacterial, and other antigens. The assay is based on the fact that latex particles, when coated with a ligand such as an antigen, assume the properties of the ligand and form stable lipophilic colloids. The particles remain in suspension when stored or when mixed with heterologous serum but aggregate when mixed with homologous serum. Although first described by Singer and Plotz in 1956 (7) for the detection of rheumatoid factor and since then by others for the detection of a wide variety of antigens and antibodies (5), it has not been widely used in clinical virology laboratories. The commercial potential in this area, however, is indicated by the wide acceptance of commercial assays for antibodies to rubella virus and cytomegalovirus. These simple, rapid tests are ideally suited to clinic and office settings and should also find wide acceptance in less-developed areas, i.e., Third World countries, where low cost and simplicity would be a great asset.
The development and standardization of passive latex agglutination reagents for many viral antibodies have been difficult for several reasons: rather small amounts of ligand are attached to the latex particle relative to the amount added; very pure reagents are required for maximum sensitivity; uniform and stable attachment of the ligand by passive adsorption is hard to achieve; and although the ligand may be covalently linked to the latex by bridging chemicals such as carbodiimides, cyanogen bromide, or glutaraldehyde, these chemicals are frequently too harsh and inactivate the functional antigenic sites (5, 6) .
By using the strong affinity of avidin for biotin (2), we developed a method to control and increase the amount of antigen bound to the latex, thus eliminating the need for highly purified antigens and destructive bridging chemicals. Using avidin-coated latex and biotin-labeled antigen, we demonstrated the advantages of avidin-biotin-enhanced latex agglutination (ABLA) (patent pending) in assays for antibodies: immunoglobulin G (IgG) to cytomegalovirus (CMV), measles virus, and herpes simplex virus (HSV). * Corresponding author.
MATERIALS AND METHODS
Avidin-coated particles. Avidin-coated beads were obtained commercially (Pandex, Mundelein, 111.) or were prepared in one of the following ways.
(i) Polystyrene latex particles, 0.6 to 0.9 Fim in diameter (Seragen Diagnostics, Inc., Indianapolis, Ind.), were washed by centrifugation and suspended at 0.5% (wt/vol) in glycinebuffered saline (GBS) (pH 8.6) containing 0.02% egg avidin (0.2 mg/ml; Sigma Chemical Co., St. Louis, Mo.). The particles were incubated at room temperature with gentle shaking for 2 h. They were then centrifuged, washed three times with phosphate-buffered saline (PBS) (pH 7.6), and suspended in PBS with 0.02% sodium azide (NaN3) to give a 5% (wt/vol) stock of avidin-coated beads. These beads were stable for up to 6 months when stored at 4°C.
(ii) Carboxylate-modified polystyrene particles (Seragen) were centrifuged and suspended at 0.5% (wt/vol) in GBS (pH 8.2) containing avidin DN (0.1 mg/ml) (Vector Laboratories, Inc., Burlingame, Calif.) and water-soluble carbodiimide [1-ethyl-3(3-dimethylaminopropyl) carbodiimide; 1 mg/ml]. After being vortexed, the particle mixture was incubated at room temperature with gentle shaking for 2 h. The sensitized particles were washed several times in PBS (pH 7.6) and suspended in PBS (pH 7.6) containing 0.02% NaN3 to give a 5% (wt/vol) stock. These beads remained stable for up to 6 months when stored at 4°C.
Antigens. Relatively crude viral antigen preparations were used to sensitize the latex particles.
(i) CMV. Stocks of CMV strain AD 169 were grown on human fetal foreskin-Flow 7000 (Flow Laboratories, Inc., McLean, Va.) to 4+ cytopathic effect. The cells were harvested, centrifuged at 400 x g for 15 min, suspended in glycine hydroxide, and frozen at -70°C. They were frozen and thawed three times and then centrifuged at 165 x g for 10 min. The supernatant was saved as antigen. The protein content was 1 mg/ml.
(ii) Measles virus. Stocks of measles virus, Edmonston strain, were grown on Vero cells to 4+ cytopathic effect. Cells were harvested, pooled, and washed with PBS containing 1% fetal bovine serum and then with PBS only. The packed cells were suspended 1:10 in hypotonic buffer (50 mM NaCI, 20 mM Tris hydrochloride [pH 8.0], 4 mM MgCl', 1 mM EDTA) and put in an ice bath for 30 min. They were disrupted in a Dounce tissue grinder and ultracentrifuged at AVIDIN-BIOTIN LATEX AGGLUTINATION ASSAY 955 60,000 x g for 1 h. All of the pellets were resuspended in a small portion of the supernatant and treated again in a Dounce tissue grinder. The sample was layered over Dextran T-10 (30 g/100 ml of H20) (Pharmacia, Uppsala, Sweden) and ultracentrifuged at 130,000 x g for 1 h. The pellet was suspended in PBS, frozen and thawed three times, and sonicated for 1 min. The sonically treated material was clarified by centrifugation for 10 min at 5,000 x g, and the supernatant was used as antigen. The protein content was adjusted to 1 mg/ml.
(Hi) HSV. Stocks of HSV type 1, MacIntyre strain VR3, were grown on newborn rabbit kidney cell line MA111 (M.A.
Bioproducts, Walkersville, Md.) to a cytopathic effect of 4+. The cells were scraped from the surface, pooled, frozen at -70°C, and thawed once. Cell debris and virus were removed by ultracentrifugation at 60,000 x g for 90 min, suspended in glycine hydroxide, frozen and thawed three times, and centrifuged at 2,000 x g for 10 min. The supernatant was saved as antigen, aliquoted, and stored at -70°C. The protein content was 1 mg/ml.
Labeling of antigens with biotin. Antigens were labeled with biotin-N-hydroxysuccinimide ester (Sigma) or N-biotinyl-ù-amino-caproic acid N-hydroxy-succinimide ester (ENZO Biochem, Inc., New York, N.Y.) by standard procedures based on antigen protein content (4) . Briefly, antigen protein was adjusted to 1 mg/ml in PBS; 40 jil of 0.5 M NaHCO3 and 80 ,uI of sterile distilled water were added to 25 ,ul of antigen. Biotin ester (1 mg) was added to 2 ml of dimethyl sulfoxide (Sigma). To the antigen mixture, 20 ,ul of biotin solution was added. After incubation at room temperature with gentle shaking for 2 h, the preparation was dialyzed overnight against 2 liters of PBS-0.02% NaN3 and stored at 4°C.
Sensitizing avidin-coated particles. The optimal amount of biotin-labeled antigen to combine with avidin-coated beads was determined by checkerboard titration. The ratio varied with each labeled preparation but was approximately 1 mg of biotin-labeled protein to 1 ml of 5% (wt/vol) avidin-labeled latex; e.g., 100 ,ul of avidin-coated beads was mixed with 100 ,uI of biotin-labeled antigen. The mixture was vortexed, and 100 ,uI of GBS (pH 8.2) with 0.2% bovine serum albumin (BSA), 0.02% NaN3, and 0.05% Tween 20 (GBS-BSA-T) was added. The mixture was incubated at room temperature for 10 to 15 min, and 10 ,ul of 0.1 mM biotin in GBS was added. The preparation was vortexed and then centrifuged. The with ELISA titers in Table 2 . The ABLA assay, when performed with sera diluted 1:2, gave six false-negative results. Samples diluted 1:10 showed all of the false-negative results to be positive, and the negative results remained negative.
Results of ABLA assays for antibody to HSV are compared with IHA results in Table 3 . Two samples negative by IHA were found to be positive by repeated ABLA assays.
For all assays, dilution of samples was made in GBS with added BSA and Tween 20 because as the protein became diluted nonspecific aggregation of the latex particles sometimes occurred.
DISCUSSION
It has been shown by previous studies that latex agglutination tests for detection of antibody are simple, rapid, and sensitive (5, 6) . The reagents are stable and have a relatively long shelf life, and the assays require neither specialized training nor sophisticated equipment to perform. They have been used extensively in bacteriology and more recently for viral antibody-antigen assays.
Preparation of the latex reagent is a major factor in developing a repeatable, sensitive, and economically attractive test. Because only a very small part of the antigen added to latex particles for coating is adsorbed, it has been necessary to have very pure antigens to obtain sensitive and stable latex reagents. The preparation of such viral antigens is time-consuming and expensive. By using the biotin-avidin coating system described here, relatively crude reagent can be used because more of the ligand can be attached to the latex.
Attachment of the antigen directly to the latex by passive adsorption depends upon the particle surface charge, and it has been proposed that in the process a double molecular layer of the ligand is formed on the latex particle. The inner coating is tightly bound, but the outer layer is more loosely attached and is removed by repeated washing. Thus, much of the reactive antigen can be lost. Ligands may be covalently bound to the latex surface more securely to prevent loss by washing. Bridging chemicals such as carbodiimide and glutaraldehyde are frequently used, but these chemicals are often destructive to the ligand and its antigenic characteristics.
In the process we describe, the latex was modified by bonding an expendable material, avidin, to the latex surface. Biotin-labeled antigen could then be attached to the latex by the great avidity of avidin for biotin. Biotin labeling of the antigen is a gentle, nondestructive, simple procedure; thus, antigenic properties can be preserved and secure bonding is achieved. This method also has the added advantage of directly controlling the amount of antigen attached to the bead. Assays using these latex reagents for testing a limited number of samples produced results which compare favorably in sensitivity and specificity with ELISA and IHA and suggest that the use of avidin-biotin technology in the preparation of latex reagents may provide a rapid, reliable, and less-expensive method to screen for viral antibody.
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